Since 1992, task groups have used free nerve auto grafts to bridge partially transected nerves from the dominant area of the normal cerebral cortex to nerves that innervate spastic muscles from a diseased cerebral cortex, using transplanting sutures to alleviate the muscle spasm of cerebral palsy caused by different diseases. This has facilitated rebuilding of some of its neurological function. In this study, 80 such patients were followed up, including 20 patients with traumatic brain injury, 32 patients with stroke, and 28 pediatric patients with cerebral palsy. After postoperative follow-up of 3 to 21 years, the efficacy rate of this operation was 100% and the excellent and good spasm relief rate was 82.5%. DJ. Using nerve segment transfer graft surgery to reconstruct the neural pathways of cerebrospinal paralysis.
Introduction
In the clinic, spastic paralysis of the limbs often appears after an episode of cerebral palsy, high-level spinal cord injury, traumatic brain injury, or stroke. This results not only in partial or complete loss of limb function, but also in pain and non-functional joint contracture, which will severely affect the patient's quality of life. After central nervous system injury, upper limb spasticity primarily presents in patients as spastic flexion in the elbows, wrists, and fingers; postural abnormalities; and joint motion dysfunction. Nerve transplantation has been applied across the injury site, using sutures to graft the C5/7 nerve root and superior trunk of the brachial plexus nerve for the treatment of paraplegia. This has provided a neural pathway for new nerve fibers of the proximal C5 nerve root growing to the lateral cord, and does not block the self-recovery of residual nerve fibers in neuroma, and has obtained a good postoperative effect [1] . None of the patients lost other functions due to a small amount of normal nerve fibers being removed. Accordingly, the perineuriums of receptor nerve and the donor nerve fiber are wedge cut. Meanwhile, some nerve fibers are cut off selectively for proper tension. At last, we use auto-nerve grafting to bridge the donor nerve and the receptor nerve. This procedure is termed as nerve segment transfer graft surgery. We here report the results of an evidencebased review, based on 3-year to 21-year postoperative follow-up periods. We show that the alleviation of muscle group spasticity and the efficacy of restoring late-stage limb function demonstrated relatively satisfactory clinical efficacy.
Patients and methods
From January 1992 to May 2013, the patient group included 46 males and 34 females, with ages ranging from 7 to 55 years (mean: 31.2 years). Among these patients, 20 patients had traumatic brain injury, 32 patients had stroke, and 28 pediatric patients had cerebral palsy. All patients were available for follow-up.
Inclusion and exclusion criteria
Inclusion criteria were as follows:
Upper limbs: Patients are unable to live on their own and perform routine tasks such as self-feeding, dressing, toilet hygiene, and combing their hair.
Lower limbs: Patients are unable to stand or walk. Criteria for paralysis indifferent diseases: Cerebral palsy in children: ① More than 6 years old; ② Upper limb: the forearm has spastic paralysis, but the function of the shoulder joint and elbow joint is still good. Alternatively, the affected side of the upper limb is completely spasmodically paralyzed, but the unaffected side is normal; ③ Lower limb: unilateral or bilateral, only the thigh or calf muscles spasmodically paralyzed. Alternatively, the affected side of the lower limb is completely spasmodically paralyzed, but the unaffected side is normal; and ④ Intelligence is essentially normal. Hemiplegic paralysis: ① More than 6 months after primary injury; ② Less than 60 years old; and ③ Local limb conditions as for cerebral palsy.
Tetraplegia: The injury level of the spinal cord is located at C6 or C7.
All other forms of paralysis were excluded.
Technique

Surgical principle
(1) Partially cutting off the peripheral nerves that control the spasmodic muscle group can relieve the spasm. This method is termed selective peripheral neurotomy (SPN) [2, 3] , and has been proven effective by scholars across the world.
(2) The number of nerve fibers in peripheral nerves exceeds the number actually required by the target organ. The surplus is called the "functional reserve of peripheral nerves" [4] . This part of the nerve fiber can be used without obviously affecting the function of the effector muscle.
(3) Both theoretical and practical evidences have shown that a graft bridge of an autologous nerve segment shorter than 6 cm can achieve good results [5] .
(4) SPN and SPR (Selective Posterior Rhizotomy) can relieve spasms, but cannot result in new neural innervation, although the proposed method can achieve both therapeutic effects.
(5) Braincomputer interface technology has proven that muscles in spasmodic paralysis can accomplish certain motor functions by obtaining a small number of normal cortical electrical signals.
Surgical method
Under general or nerve block anesthesia, the surgical site as well as donor and receptor nerves were confirmed based on limb involvement. The receptor nerve was the dominant nerve in the spastic muscle that required repair, and the donor nerve was an adjacent normal or essentially normal nerve. A corresponding incision was made, and the exposed target nerves were separated. Under a surgical microscope, a 45° wedge incision of 3-6 mm in length was made in a suitable plane and at a suitable location in the receptor nerve, which was based on the microsurgical anatomical localization between the fascicles within the nerve trunk. With the guidance of an electrical nerve stimulator, a part of the nerve fascicles or nerve fibers were selectively cut off. The number of severed nerves was directly proportional to the nerve circumference and the severity of muscle spasticity. The diameter of the selected nerve graft was >2 mm, with a length not exceeding 6 cm. The tension, angle, and elasticity after access were such that it was suitable after grafting. Generally, the medial cutaneous nerve of the arm is used for the upper limb, and the sural nerve is used for the lower limb. The ends of the nerve graft were cut into a lingulate shape and inserted into the wedge-shaped incision in the nerve trunk at a 30°-60° angle. Only the perineurium and epineurium of the donor nerve were sliced open, followed by an incision along the nerve fibers in the opposite direction of the donor nerve and in the same direction as the receptor nerve. Then, the epineuria of both nerves were sutured together (Figures 1 and 2) . The incisions were conventionally sutured and appropriately immobilized, followed by functional training.
Our research group is currently implementing this nerve grafting method, which achieved restoration of the following functions. (1) A healthy cervical C5/C7 was grafted onto an affected C7, restoring wrist extension and finger extension ability on the affected side (Figure 3) . (2) The radial nerve in the upper and middle parts of the upper arm was grafted onto the median nerve, restoring grasping and pinching activity to the hand. (3) The ulnar and median nerves in the upper and middle parts of the upper arm were grafted onto the radial nerve, restoring elbow, wrist, and finger extension ability. (4) The axillary nerve in the axilla was grafted onto the median and musculocutaneous nerves, restoring grasping function. (5) The medial cord of the brachial plexus in the axilla was grafted onto the posterior cord, restoring elbow and wrist extension, and thumb function. (6) The posterior cord of the brachial plexus in the axilla was grafted onto the lateral cord, restoring elbow and wrist flexion. (7) The posterior cord of the brachial plexus and the initial segment of the radial nerve in the axilla were grafted onto the median and ulnar nerves, restoring wrist and finger flexion.
Unilateral defects mainly involving the middle and inferior trunk of the brachial plexus clinically manifest as spasmodic paralysis in the forearm and hands. Ipsilateral C5/C6 nerve roots can be used as donor nerves for C7/C8 as receptors (Figure 4) .
If the whole upper limb on the affected side is affected and there are no normal nerves to use as donors, the only option is to use nerves from the contra lateral side as donors. The anterior approach is then used. The method involves introducing two channels from the esophagus to the anterior vertebral body gap, grafting onto the superior and middle trunk of the brachial plexus nerve and the middle and inferior trunk of the brachial plexus nerve on the affected side (Figure 5) , and the myocutaneous nerve was sewn to the lateral cord of the brachial plexus, if hyperspasmia occurs when the elbow is bent.
When the posterior approach is used, the artificial nerve canal is is used as support for protecting the autogenous nerve; the nerve runs through the holes of the interspinous ligament (Figure 6) . Bilateral C7 and C8 nerve roots are exposed, or as receptor nerves the C7 and T1 nerve roots are selected, and the exposed bilateral nerve roots are bridge-grafted with the autologous nerve segment.
Although the length of the transplant in the posterior approach operation is shorter than in the anterior approach operation, the exposure is relatively difficult, more hemorrhage is likely to occur, and it is inadvisable for doctors who lack experience with cervical vertebral surgery. The posterior approach of nerve grafting was used in patients with unilateral paralysis of the lower limbs. The method of exposure was basically the same as the approach used for cervical spinal surgery.
When spastic paralysis was limited to the thighs, we selected L2/L3 as the receptor nerves, and L2/L3 as the donor nerves. (Figure 7) .
In cases where spastic paralysis was limited to the crus, S1 and S2 were selected as receptor nerves, and L5/S1 as the donor nerves (Figure 8) . If there were no alternative donor nerves for both sides of the brachial plexus or lumbar sacral plexus, they were not listed as operation indications.
Assessment
Postoperatively and during follow-up at 1 month, 3 were used as the receptor nerves, and L2, 3 as the donor nerves. months, 6 months, 1 year, and yearly thereafter, postoperative limb function was recorded, according to the assessment criteria in Table 1 .
Results
The 80 cases in this study were followed-up for 3 to 21 years, with an average of 5.2 years. At the end of follow-up, 80 cases were re-assessed. The spasmodic muscles of all patients were relieved to varying degrees. Relief was excellent in 24 cases (30%), good in 42 cases (52.5%), normal in 14 cases (17.5%), and no cases showed a poor response.
Figure 8
When spastic paralysis was limited to the crus, we selected S1 and S2 as receptor nerves, and L5/S1 as the donor nerves. 
Discussion
Brain trauma, stroke, and children's cerebral palsy often result in spastic paralysis of the limbs. Muscle spasticity is a type of resistance to passive limb movement and is caused by decreased inhibition of the ascending and descending pathways, and nerve endings, resulting in increased activation of the muscle stretch reflex [6] . It is one of the clinical signs of upper motor neuron injury and is characterized by involuntary muscle contraction reactions and velocitydependent stretch hyperreflexia. Patients present clinically with increased muscle tension, active or even hyperactive deep tendon reflexes, and relatively mild muscle atrophy. In the surgical approach described here, a part of the nerve innervating the spastic muscle (the receptor nerve) is selectively removed, as muscle spasm could be alleviated when a part of the receptor nerve is cut off. Cutting even half of the functional reserve of peripheral nerves will not markedly influence its original function. We then grafted the receptor nerve with adjacent normal nerves innervated by the normal cerebral cortex via transplantation of an autogenous nerve segment. The receptor nerve thereby obtains a normal nerve fiber, and may change cerebral cortex localization. The highly selective severance of nerve fibers partially blocks γ-loop afferent fibers, while also establishing new nerve pathways through the nerve graft. Thus, the imbalanced conduction in the original γ-loop is broken, and connections are made with higher central conducting pathways, partially providing effective normal nerve fibers innervated by normal brain regions [7] . A new balance is thus established, thereby lowering muscle tension in patients and alleviating spastic symptoms in muscles.
More importantly, growth of normal nerve fibers into the originally spastic muscle groups restored level II and III voluntary muscle contraction. Although one or two muscle groups reached only upon active muscle contraction of level III or below, which is not sufficient for attaining completely normal motor activity, rehabilitation training can restore effective limb movement by achieving synchronization between these contractions and other pathological reflexes and spastic contractions. This method reduces trauma and ensures high safety while avoiding the complications associated with selective dorsal rhizotomy and selective peripheral neurotomy.
One key challenge in this surgery is the accurate anastomosis between the limited donor nerve fibers that can be transplanted and the nerve fibers innervating the spastic body parts that have key functions that need to be restored. Another challenge is to ensure that the muscle groups innervated by the receptor nerve do not progress to flaccid paralysis after surgery and undergo severe atrophy and degeneration prior to growth from the new nerve fibers. In addition, it is necessary to take advantage of the involuntary contraction of spastic muscle paralysis and appropriate muscle tension. Rehabilitation training after surgery can achieve synchronization between pathological reflex contraction and restore voluntary contraction, thereby enhancing motor function in the muscle groups innervated by the reconstructed nerve. By addressing these questions, appropriate planes were selected in the nerve fibers that innervated the paralyzed areas requiring reconstruction of essential functions. A 45° wedge incision was made in the lateral epineurium and part of the perineurium in the receptor nerve. Under the guidance of a nerve electrical stimulator, a part of the nerve fascicles or nerve fibers were selectively severed. The number of severed nerves was directly proportional to nerve circumference and severity of spasticity in the muscle group. One-fifth of the nerve fascicle was severed in patients with moderate spasticity, one-fourth in patients with severe spasticity, and one-third in patients with extremely severe spasticity. The receptor nerve was cut in a wedge sharpe, and carefully stitched in a grafting shape to avoid relapse of the spasm.
Another key challenge in this surgery is controlling the limitations of donor site nerves. Several researchers have conducted investigations from multiple perspectives in order to determine the greatest number of nerve fibers needed to restore limb function without adversely affecting the activity in the donor site. Oberlin et al. not only reported that harvesting 10% of the ulnar nerve provided a sufficient number of nerve fibers, but also confirmed through a long-term follow-up study that the function of the innervated region of the ulnar nerve was not significantly affected. With respect to patients with severe spasticity in multiple muscle groups, some normal thick nerves can serve as donor grafts, in which two or three different planes and axial sites are used for grafting. In our study, the brachial plexus posterior cord and radial nerve in some patients were grafted to the median nerve and the ulnar nerve in multiple planes, which all resulted in good clinical efficacy. We also grafted the lateral cord of the brachial plexus onto the lateral cord (in patients with flexion paralysis, but normal extension) and the cervical C5/C7 nerve root onto the affected C7 nerve root and the medial cord of the brachial plexus [8] . Incisions were made on two planes in the donor nerve, and two nerves were used as a bridge for grafting. This procedure has been used in patients with upper limb spastic paralysis following brain trauma and in patients with spastic hemiplegia following stroke. Ideal clinical results were obtained. However, the distance between the two sides of the nerve was small in children, and the growth potential of children is obviously stronger than that of adults, and thus the postoperative effect in children was superior to that in adults.
Nerve grafting can effectively alleviate central muscle paralysis of the limbs that is caused by brain trauma, stroke, cervical spinal cord injury, or cerebral palsy. This method also yields satisfactory results when applied in patients with hemiplegia after stroke and limb cerebral palsy. Using microsurgical anatomical localization in the nerve trunk, an appropriate grafting site can be selected. More than half of the patients effectively recovered motor function after rehabilitative training to achieve synchronization between voluntary contractions of muscles and residual pathological contraction after nerve restoration
The drawback of this study is that the etiology involved in each case is different, with lesions in different central nervous system sites. Hence, the presentation of cerebral palsy varied substantially between patients. A unified objective standard (such as electromyography) is difficult to use for measuring postoperative efficacy, and only clinical observations can be used to determine postoperative efficacy. The Shriners Hospital for Children Upper Extremity Evaluation scoring standard is one of the internationally accepted standards that has been verified for effectively assessing upper limb function in patients with cerebral palsy. However, its applicability in this type of study warrants further discussion. Shaocheng Zhang, Chief physician, professor, and doctoral supervisor. He has been engaged in orthopedic clinical, teaching, and research studies in Changhai Hospital for over 40 years and has vast clinical experience. He has rich experience in limb orthopedics, tissue repair, and hand, foot functional reconstruction. He is a leader in the field of microsurgical treatment of peripheral nerve injury. He is an internationally recognized expert in the field of functional reconstruction of spinal cord injury, cerebral palsy of children, cerebral trauma, and spastic paralysis after stroke. Many of the new technologies that he pioneered have been affirmed and cited by internationally renowned textbooks and magazines.
